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SHORTER ARTICLES AND DISCUSSION 

A TEACHING NOTE ON THE ARRANGEMENT OF THE 
TUBE-FEET IN ASTERIAS 

Several summers ago while directing the laboratory work on 
Echinodermata in the Invertebrate Course at Woods Hole, a 
question was raised by one of the students as to the correctness 
of the account which had been given of the arrangement of 
the tube-feet in the common starfish, Asterias forhesi Desor. 
An examination of the point in question revealed the occurrence 
of a rather interesting irregularity which is here briefly re- 
ported on. The source of the conditions here described is 
entirely unknown, but inasmuch as this starfish is commonly 
used as material for laboratory study, it occurred to me that 
the facts themselves might be of interest to teachers of inverte- 
brate zoology. 

It will be recalled that in Asterias the tube-feet are arranged 
in four longitudinal rows, two of which are on each side of the 
radial canal (the mid-ventral line of the arm). The tube-feet 
in these rows of two are arranged in an alternate manner, nearer 
or farther from the mid-line, thus allowing for the accommoda- 
tion of more tube-feet in a given linear space. The tube-feet 
are connected with the radial canal by short transverse canals, 
which are thus longer or shorter according as they pass to tube- 
feet in the inner or outer series. This arrangement of the tube- 
feet can be clearly made out in properly dried specimens from 
which the remnants of the tube- feet themselves are all removed. 
Their position is clearly marked in such a preparation by the 
perforations between each pair of ambulacral ossicles, and the 
whole topography of the ambulacral groove is well demonstrated. 
It is usually stated that 1 "Each pair of transverse canals con- 
sists of a short canal on one side and a longer canal on the 
opposite side of the radial canal. The short and long canals of 
each side are alternating. ' ' This arrangement of the tube-feet is 
shown in a diagrammatic way in Fig. 1, in which the tube-feet 
are represented as black ovals situated in the perforations be- 

i Quoted from Petrunkevitch, ' ' Morphology of Invertebrate Types, ' ' New 
York, 1916, pages 177 and 178. 
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tween adjacent ambulacral ossicles. This, the common arrange- 
ment, may be designated Type I. It will be noted that as one 
runs along the arm the transverse canals of succeeding pairs 
are long-short, short-long, and so on. 





Figs. 1 and 2 

However, it appears from my experience in this laboratory 
that some teachers give a different description of the arrange- 
ment of the tube-feet. According to these teachers the length of 
the transverse canals does not alternate in a single pair, but is 
the same on both sides of the radial canal. This would lead to 
an arrangement which is shown diagrammatically in Fig. 2. 
According to this account as one runs along the arm the trans- 
verse canals of succeeding pairs are long-long, short-short, and 
so on. It seemed worth while from a teaching standpoint to de- 
termine which of these descriptions is the correct one. For con- 
venience, the arms of the starfish will be named in the conven- 
tional manner a, b, c, d, e — a being the first arm to the right of 
the madreporic plate (as seen from the aboral surface), the 
others being named in a clock-wise direction around the disc. 

In all, seventeen specimens of Asterias foriesi have been ex- 
amined, some more completely than others. The first two or 
three pairs of tube-feet at the very base of the arm are usually 
rather crowded by the abrupt narrowing of the ambulacral 
groove, so that it is rather difficult to say exactly to which type 
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of arrangement they belong. They seem usually to be more like 
Type II than Type I. The groove widens rapidly, however, and 
the four characteristic rows are quickly established. In the 
majority of cases the arrangement is undoubtedly like Type I, 
and this is obviously the source of the usual text-book description. 
However, in at least nine specimens of the seventeen examined, 
one or more arms have the Type II arrangement. This may 
occur in any arm, but in my specimens is most frequent in arm 
e (five cases). Sometimes the Type II arrangement is estab- 
lished from the very beginning of any regularity at the base of 
the arm; in my specimens there were three (probably four) cases 
of this kind in arm e and one in arm d. In such cases the Type 
II arrangement may persist throughout the entire length of the 
arm. More commonly, however, the Type I arrangement is first 
established and after persisting for a longer or shorter distance 
abruptly changes to Type II. The number of Type I pairs in 
such cases seems usually to be small. The transformation is made 
by a slight irregularity on one side such that two long or two 
short transverse canals are adjacent — and thereafter the arrange- 
ment is again entirely regular. Sometimes the region of change 
is more irregular, but never strikingly so. In one case, in arm 
a, the arrangement was first like Type I, soon changed to Type 
II, and in the distal part of the arm changed back again to 
Type I. In the seventeen specimens examined the Type II 
arrangement has been found to occur (in some part of the arm) 
as follows: 

Arm a 3 cases 

" 6 3 cases 

" c 2 cases 

" d 1 case 

" e 5 cases 

The number of arms with Type II arrangement in any one 
individual varies considerably, the results for my specimens 
being as follows : 

1 arm affected 7 cases 

2 arms affected 1 case 

5 arms affected 1 case 

In two cases, both arm a, Type II was found to occur in re- 
generating arms, though near the base the Type I arrangement 
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occurred. Whether the injury to the arm was the source of the 
change is not apparent. 

It will be seen, therefore, from the above account that both 
descriptions of the tube-feet arrangement are correct, but that 
the one usually given in text-books (Type I) is by far the more 
common ; furthermore, that the one type may change to the 
other with no apparent structural reasons for the transforma- 
tion. 

The facts here presented furnish, I believe, a complete explana- 
tion of the difference in the laboratory accounts as given by 
different teachers. 

EOBERT H. BOWEN 

Marine Biological Laboratory, 
Woods Hole, Mass. 

THE MICRO-FILTER FOR MINUTE FLAGELLATES 

It is frequently desirable during the study of the minuter 
protozoa, and especially of the small flagellates, to concentrate 
the organisms. This the writer has been able to do in a very 
simple and satisfactory manner by means of the device shown 
in Fig. 1, which may be called the micro-filter ; a name applied not 
only because of its office, but also because of the minute piece 
of filter-paper used. 

The contrivance consists of a standard, either of wood or of 
metal, which supports a burette tube, a minute circle of filter- 
paper, and a vessel beneath. The water containing the protozoa 
to be concentrated is introduced into the burette from above, 
by means of a funnel, and the pinch cock (0) opened sufficiently 
to allow the liquid to drop into the small funnel or circle of 
filter-paper beneath (P). The filter is supported by means of 
stout copper wire. The flow of water from the burette can be 
nicely regulated by means of the pinch cock, which, to give the 
best results, should be of the screw variety. The water drops 
through a glass tube, drawn out into a fine point (T). It was 
found convenient to have several of these tips of different diam- 
eters. 

Considerable experimentation is necessary before the exact 
balance between, the flow of water from the burette and that 
from the base of the filter-paper funnel can be secured. "When 
this balance is reached, the burette is filled and the water allowed 



